ABSTRACT Jatropha curcas L., an exotic introduced in to India by Portuguese about 500 years ago, was assessed for its genetic base in the country as a step to initiate breeding programmes. Genetic diversity of 56 accessions of Jatropha estimated from allozymes and from Random Amplified Polymorphic DNA (RAPDs) revealed eighteen allozyme loci and 120 RAPD markers. According to allozyme data, species genetic diversity (p = 26.67%, A = 1.533 and He =0.205), was low. Inbreeding coefficients suggest that populations are structured in genetic neighborhoods. The RAPDs also showed similar levels of genetic diversity (p = 35.73% and He = 0.181) at the species level. Nei's genetic distances estimated both from allozymes and RAPDs indicated low differentiation among populations. No significant associations among genetic and geographical variables were observed, suggesting that such low genetic variation in this allogamous species could be due to the few introductions that have spread across the country primarily, through vegetative propagation. The species has not been improved for productivity and thus naturally occurring unadapted populations are a result of the few initial introductions.
INTRODUCTION
India, an emerging major player in the global economy, consumes over 127 million t of crude oil a year and imports about 70% of it thus paying a huge import bill. To tide over this and to overcome the oil crisis in future, the Planning Commission of India initiated a National Mission on Biodiesel to identify suitable tree borne oil seeds, amongst which Jatropha curcas was recognised as a potential petrocrop.
Success of improvement programmes lies in the identification of genetically divergent material and development of genetically superior stocks. Breeding of inter and intra specific Jatrophas for exploitation of hybrid vigour is one of the most economical means to tree improvement. Elsewhere in the world, systematic germplasm collection and evaluation programme to identify superior material from the existing natural variations, establishment of clonal seed orchards, development of mass multiplication techniques to ensure easy supply of elite planting material, a series of multi-locational trials under different agro-climatic conditions to establish authentic data on yield estimates and economic *Corresponding author: rekha@icfre.org of production have been taken up on a massive scale (Muys et al. 2007 ). In India, currently, the Jatropha promotion programmes use the material available ''wild'' locally (Basha et al. 2009 ). Perusal of the mode of introduction of the species into India reveals that the possibility for a spectrum of genetic variation, other than the ones forced by edaphic and climatological factors, is not very wide. Though high yielding varieties and cultivars have been identified, there exists skepticism over subjecting them to breeding for exploitation of hybrid vigour due to the species alleged narrow genetic base. In this scenario, spending valuable financial resources, time and human endeavor on plant improvement, i.e. collection and evaluation of germplasm, including establishment of clonal and seedling seed orchards, multi-locational trials, vegetative multiplication gardens under different agro-climatic conditions for supply of elite planting material on a massive scale may not pay rich dividends. Further, it is of paramount importance to evaluate and maintain genetic variability within stands because plantations consisting of genetically uniform materials are highly vulnerable to major climatic fluctuations and pests. The present paper details the study taken up to evaluate Jatropha germplasm and identify genetic variability to further breeding programmes. In our study on Jatropha curcas, the molecular marker analyses attempts to explain the extent of variation existing in Jatropha curcas in India, how it is distributed and information to assess if the current levels of diversity is sufficient for improvement and / or domestication. Our hypothesis was based on the fact that the species would have high intrapopulation polymorphism and high polymorphism among populations due to its cross pollinating nature.
MATERIALS AND METHODS

Materials:
Seed material of 56 accessions from various States of India from where Jatropha has been selected for various national programmes (Warrier et al. 2010) were collected and used. Thirty seedlings per accession were studied for allozyme variations and ten seedlings for DNA. The seeds were germinated on sand beds and maintained. Young leaves were used for the analyses.
Preparation of extract:
Thirty seedlings per accession were studied. Leaf samples, free of any visible infestations, were collected, brought to the laboratory in ice and stored at 4ºC for further analysis. About 100 mg of tissue was washed once in deionised water and mashed individually in a pre-chilled mortar in 500µl of 0.1 M Tris-HCl buffer (pH 6.8) containing 10% glycerol and 0.056 M β-mercaptoethanol. The resultant slurry was centrifuged at 12,000 rpm for 20 min. in a refrigerated centrifuge and the supernatant was stored at -20ºC before use.
Electrophoresis: Poly Acrylamide Gel Electrophoresis (PAGE) was carried out at low temperature as per standard procedure (Laemmli, 1970) with appropriate modifications.
Allozyme zones were designated to define the general area on the zymogram within which the bands migrated. The relative position of each band was drawn schematically and the zymogram was scored. Scoring was made for those bands which were clearly visible. Genetic interpretation of enzyme phenotypes was based on observed differences in zymogram profile after activity staining of the gel. Variation in banding patterns was determined by the migration from the origin towards the anode. 
Data analysis:
The allozyme gels were genetically interpreted according to Karpa et al. (1997) . The data was subjected to population genetic analysis using POPGENE software (Yeh et al. 1997) . Genetic parameters within populations, including the percentage of polymorphic loci (P), expected heterozygosity (He), and fixation index (F), were calculated. To estimate outcrossing rates for these populations, we used the fixation index F, with outcrossing rate t = (1 -F)/ (1 + F). Nei's (1973) total gene diversity (H T ), coefficient of gene differentiation (G ST ), and Nei's (1972) genetic identity (I) between populations were also computed. The coefficient of genetic differentiation among populations, G ST , was used to estimate the level of gene flow, Nm (the number of migrants exchanged between local populations per generation), based on the relationship G ST = 1/(4Nm + 1), where G ST is Nei's (1973) estimator of F ST (Wright, 1951) .
DNA extraction: 300mg of fresh leaf tissue was homogenized using mortar and pestle in liquid nitrogen. The powdered sample was taken in a centrifuge tube containing preheated CTAB isolation buffer(2% CTAB, 1.0M NaCl, 0.2% β Mercaptoethanol, 20mM EDTA, 100mM Tris HCl , 0.5 % PVP pH 8.0) and incubated at 60° C for 30min. The solution was extracted twice with equal volume of chloroform: isoamylalcohol (24:1) and centrifuged at 12,000g for 10 minutes. The supernatant was transferred to a clean tube, to which 2/3 volumes of ice cold propanol was added and allowed to precipitate at RT for 1hr. The supernatant was poured off following spinning and the nucleic acids were resuspended in wash buffer (76% ethanol, 7.5M sodium acetate). The supernatant was poured off, the pellet was air dried and resuspended in 1ml TE (10mM Tris HCl, 1mM EDTA pH7.4). The samples were incubated at 37°C for 30 minutes following treatment with 10g/ml RNAse. Following this, the samples were diluted with 2 volumes of double distilled water or TE. Ammonium acetate (7.5M stock, pH7.7) was added to reach a final concentration of 2.5M. An equal volume of ice cold ethanol was added and gently mixed. The tubes were centrifuged, air dried and the DNA was re-suspended in 200µl of TE.
PCR protocol: Polymerase Chain Reactions (PCRs) for amplification of DNA extractions were carried out in a 25µl volume (Willams et al., 1990) . Twenty five custom decanucleotide primers synthesised from M/S 1 st Base, Singapore were used for amplification. The reaction conditions were optimized. Mixtures (25µl total volume) were composed of dNTPs (200µM), MgCl 2 (1.5mM), 1X buffer, primer (0.2µM), DNA (100ng), Taq DNA polymerase (2 units). Negative control was included in which all the ingredients were present except template DNA. The amplifications were carried out using the DNA Engine thermal cycler (MJ Research, USA) programmed for 94°C for 5 min (one cycle); followed by 94°C for 1min, 35°C for 1min and 72°C for 2min (35 cycles); 72°C for 8min (one cycle), then 4°C (infinitive). Reactions were repeated twice to confirm amplification of samples. Amplification products (7µl) were mixed with 3µl loading buffer and separated on 1.2% agarose gels. The bands were visualized using ethidium bromide staining.
DNA analysis: For RAPD analysis, bands were identified by image analysis software for gel documentation (AlphaEaseFC Imaging Software Ver. 6.0, Alpha Innotech, JH Bio, USA). Smeared and weak bands were excluded. Assuming that each RAPD band represents a single diallelic locus in HardyWeinberg (H-W) equilibrium, the p/a data set was converted into allele frequencies, scored manually and transferred to the present-absent scale (1 or 0 for each allele and genotype) and adjusted for the fixation index (F), which was calculated based on allozyme data. An additional measure for partitioning genetic variation was obtained by the Shannon index (S) because it is relatively insensitive to the inability of RAPD in detecting heterozygous loci (Dawson et al. 1996) . Data were subjected to analyses using POPGENE 3.2 software.
RESULTS AND DISCUSSION
Allozyme analysis-Fifteen enzyme systems provided a total of 18 loci for the 56 accessions of Jatropha curcas. Twenty eight percent (5/18) of the resolved allozyme loci were polymorphic (0.99 criterion). Out of these eighteen loci, 13 were invariably present in all the accessions while 5 were present in 9, 10, 11, 44, 46 accessions. The 13 loci, ADH1, AAT1, POD1, ICD1, SKD1, LDH1, G6PD1, G3PD1, ALD1, SOD1, αEST1, GDH1 and βEST1 were invariant in all the accessions analysed and were monomorphic. Unique alleles were however, not detected in any of the accessions. Rare alleles were present at the dimorphic MDH1 and FDH1 loci. It was monomorphic to all other accessions. All the alleles were not equally distributed (Tables 1A  and B ). There were maximum variations in POD2, POD3, POD4, FDH1, and MDH1, and minimum in ADH1, AAT1, ICD1, SKD1, LDH1, G6PD1, G3PD1, ALD1, αEST1, GDH1 and βEST1 loci (Fig. 1 ).
The percentage of polymorphic loci (P) ranged from 11 to 28%, with a mean value of 26.67 ± 4.57%. The average number of alleles per locus (na) ranged from 1.22 to 1.56, with a mean value of 1.53 ± 0.09. The observed heterozygosity (Ho, ranging from 0.08 to 0.26 with an average of 0.15 ± 0.022) was slightly higher than the expected heterozygosity (He, ranging from 0.08 to 0.19 with an average of 0.14 ± 0.022). Negative fixation indices (F) were obtained in most populations studied, ranging from 0.006 to 0.194, indicating low or poor levels of outbreeding in these populations.
Tests for Hardy-Weinberg equilibrium showed that polymorphic loci in most populations had significant heterozygote deficiency whereas a few other populations exhibited heterozygote excess. Nei's genetic identities (I) between populations varied from 0.05 to 0.29 with an average of 0.24 ± 0.04. Based on the genetic identity matrix, a UPGMA dendrogram was constructed showing the relationships among these populations (Fig. 3) . The level of gene flow (Nm) was estimated to be 0.24 individual per generation between populations. Genetic identities varied from 0.93 to 1.00.
RAPD diversity-A total of 120 bands whose size ranged between 300 and 2000bp were produced using 25 primers (Fig. 2) . Bands produced per primer ranged from 1.2 to 10.2 at the population level with an average of 5.2. Among the 254 loci, 47.2% were polymorphic at the species level and the remaining were consistently monomorphic. The percentages of polymorphic loci (P) for a single population ranged widely from 24 to 53% with an average of 35.73 ± 5.4%. Assuming Hardy-Weinberg equilibrium, the average gene diversity within populations was estimated to be 0.09, comparable to the adjusted estimate (HS = (Fig. 4) . Heterozygosity is directly applied as a measure of genetic variation (Crow 1986 ). High levels of heterozygosity are important for survival over long life span of trees (Gregorius and Ziehe 1986), which is related with the low mortality of seedlings and plants (Mejnartowicz and Lewandowski 1994) . Tree species in general are highly outcrossing and highly heterozygous as compared to herbaceous perennials and annuals, the average level of heterozygosity being twice that of the herbaceous plants (Hamrick et al. 1979) .
It was observed that all the accessions had polymorphic loci ranging between 11.11 and 27.78 suggesting that there has been very poor chance for incorporation of new genes into the next generation. It may be noted that Jatropha is an entomophillous species and hence a high level of outcrossing is expected. However, only few populations showed maximum (27.78 %) polymorphic loci which suggest that large amounts of inbreeding exists within the accessions. The low heterozygosity could be ascribed to a common descent of the population. As the introduction of Jatrophas to the country is ambiguous, the results point to confirmation of a narrow genetic base as indicated by lower proportion of polymorphic loci. With increase in polymorphic loci, the expected heterozygosity and the average heterozygosity would simultaneously increase which is reflected in variation in the heterozygote levels increasing from 0.08 to 0.26. Studies have been reported on allozyme variation in Santalum album (Manojkumar et al. 1998) , Acacia (Wickneswari and Norwati 1989) , Tectona grandis (Kumaravelu 1979) , Eucalyptus (Martin-Corder and Lopes 1997) and Azadirachta indica (Philomina 2000) .
Reduced number of fertile unrelated trees and a low population size would also result in decreased diversity (Kang and Lindgren 1998) . In the present study, allozyme analyses have provided information about the relative amounts of genetic variation present within Jatropha accessions distributed throughout the country. The genetic variability observed was lower than other plant species summarized by Hamrick et al. (1992) . Hence, for improvement of this species, seeds from a wide genetic base need to be obtained to enable its subjection to various ecological conditions. The mean number of alleles per locus per population was 1.53, which was higher than the average of 1.44 in dicots. The mean expected heterozygosity per population (0.10) in this study was lower than the averages of both angiosperm (0.143), outcrossing windpollinated woody plants (0.154) and 17 tropical tree species (0.217) reported by various authors (Moran 1992; House and Bell, 1994; Ibrahim, 1996; Martins-Corder and Lopes 1997) .
Gene diversity-An enormous amount of protein diversity is characteristic of natural populations (Mallet 1996) . Their genetic structure is mainly influenced by the combined effects of random genetic drift, restricted gene flow and differential selection pressures. These effects lead to low 'within' population genetic variation and comparatively high 'among' population genetic variation in species consisting of small and isolated populations (Holderegger and Schneller 1994; Nevo 1983) . Generally, when populations are close together, having possibility of enough gene exchange, there should be few differences in gene frequency but if they are far apart there should be strong differences (Mallet 1996) . This was in contrast to the results obtained in Jatropha where the plant populations have been spread all over the country as hedges. In our study, the genetic identity and distance values calculated between 56 accessions represented as an UPGMA dendrograms (Figures 2and3) was a fair representation of the Nei's genetic distances between the accessions, which showed many clusters. Analysis of genetic relationships revealed heterogeneous values for Nei's genetic identity (i). It ranged from 0.01 (minimum value) to 0.20 (maximum value). All the 56 accessions were clustered at various levels irrespective of the geographical similarity or distance. Most of the accessions showed similarity. Comparison of genetic variation using different marker systems showed that RAPDs consistently revealed higher levels of variability than allozymes in terms of percentage of polymorphic loci, gene flow and gene diversity. At the allozyme level, relatively low genetic variation exists in J. curcas, when compared with the average values for animal-pollinated outcrossing plant species (P = 50%, A = 1.99, H = 0.167). Low genetic differentiation among populations was detected (G ST = 0.2048), which is similar to the reported average in outcrossing plant species (G ST = 0.20; Hamrick and Godt, 1989) . This level and pattern of genetic variation is more comparable to predominantly selfing plant species than those predominantly outcrossing species. In comparison with allozyme diversity, higher levels of genetic variation were detected at the RAPD level. However, the pattern of genetic diversity within and among populations was comparable between the two data sets. Estimates of G ST based on RAPDs confirmed that natural gene flow between populations of J. curcas was apparently limited, as indicated by allozyme data. Nei's genetic identity estimate based on RAPDs also corroborates the allozyme estimate, showing that a low level of population genetic divergence has occurred in the species. Our results are consistent with other comparative studies that reported that more variation was detected at RAPD loci than at allozyme loci, but the same pattern of population genetic structure was revealed by the two sets of data.
The RAPD heterozygosity values were slightly higher than those observed using allozyme loci. However, testing the significance of difference will require more data. Likewise, the RAPD F ST values were of comparable magnitude to the allozyme-based F ST -values and indicated only very limited differentiation between populations. Nm estimates were high (Nm> 1). Both the RAPD H-and F ST -values in J. curcas were comparable to allozyme-based figures in other species showing poor to low heterozygosity.
None of the accessions studied was collected from the same localities. Despite this, the genetic variability estimates were very low which might be due to the reduced gene flow between these populations. The 56 accessions have been brought from different places where they have grown in varied climatic and edaphic conditions. The dendrograms clearly depicted narrow genetic diversity among various accessions. Though the different accessions brought from different parts of the country were clustered, the genetic distances were very low. Accessions 12-17 from Kerala and Karnataka were clustered together while most accessions from Maharashtra and Madhya Pradesh were grouped together; Accessions 3-11 from the states of Karnataka, Madhya Pradesh, Gujarat, Himachal Pradesh also grouped together. This helped us to arrive at the conclusion of a lack of alliance between genetic data and geographical characteristics of the populations. Further, the differences between RAPD-and allozyme-based estimates of genetic diversity suggest that allozymes may not be a representative sampling of the entire genome. Yet, the numerical congruence between allozyme and RAPD data suggests an indication that in the case of J. curcas the allozyme data provide a good picture of the population genetic structure of this species.
Although many woody species maintain relatively high levels of genetic variability (Hamrick and Godt 1996) , some examples exist of widespread conifers with limited genetic variation, such as Pinus resinosa (Fowler and Morris 1977) and Tsuga canadensis (Zabinski 1992) , with 0 and 10% polymorphism, respectively. The most common explanation for the reduction or absence of variation is that each species has gone through one or more population bottlenecks. The reduced polymorphism and partial inbreeding measured in accessions of Jatrophas, may be due to reduced gene flow. Though geographical range has been considered a good predictor of the levels of genetic variation in plant populations (Hamrick and Godt 1989) , the present study revealed otherwise. Scher (1996) has reported similar observations in the rare Pacific yew (Taxus brevifolia) which occurs over a wide range but shows low polymorphism (<50%).
CONCLUSION
In conclusion, the present RAPD data follows a similar pattern as the co-dominant allozyme data on J. curcas. Trends suggested by allozyme data remain the same with RAPDs also (i.e. the within and between population differences). This congruence between allozyme and RAPD data strongly suggests the strength of allozyme studies which could provide valuable information on genetic diversity as co-dominant markers as do RAPDs. The 56 Indian accessions did not possess genetic distinctness and failed to be discriminated indicating a narrow genetic base of the material investigated. Further, the intrapopulation variation as determined by allozyme and RAPD studies was on par with the genetic variation detected between populations or land races. Such low genetic variation in an allogamous species like J. curcas could be due to the few introductions that have spread across the country primarily, through vegetative propagation. The species has not been improved for productivity and most of the projects that relied on naturally occurring unadapted populations are a result of the few initial introductions. Hence, there is an immediate need to widening or broadening the genetic base of J. curcas if any genetic improvement programmes are to be attempted.
